ABSTRACT -Context -NM23, a metastasis suppressor gene, may be associated with prognosis in patients with colorectal carcinoma.
INTRODUCTION
Colorectal carcinoma is one of the most common cancers in the Western world and is becoming increasingly prevalent (5, 9, 15) . Despite advances in surgical management and complementary treatment of these tumors, overall mortality has not decreased significantly over recent years (1, 4, 5, 29) . The most significant prognostic factor in colorectal carcinoma is tumor staging at initial diagnosis. Depth of tumor penetration into the intestinal wall, lymph node involvement and presence of metastases are the most reliable indicators of survival in colorectal carcinoma (3, 9, 15) . Although subjected to different cancer screening procedures, several patients show a more advanced stage at surgery, and the overall 5-year survival rate reaches only 50% of colorectal carcinoma patients despite having resectable disease (9, 15) . Metastasis is the main cause of death in this group, leading to locoregional or distant recurrence in late-stage tumors.
Studies (3, 21, 29) have investigated factors that may reduce morbidity and mortality from colorectal cancer, with a special emphasis on tumor markers. Despite the relatively large number of studies analyzing tumor markers, only a few of them are currently used in clinical practice. However, high costs and low sensitivity and specificity limit the routine use of these markers in a clinical setting (5, 11, 19) . Most prognostic parameters based on the immunohistochemical expression of tumor markers require neoplastic tissue samples and, therefore, can only be assessed postoperatively or after obtaining tissue for biopsy. Moreover, reproducibility of results may vary (13, 17, 23, 29) . Nevertheless, the study of tumor markers in neoplastic tissue is particularly interesting, because it allows analysis of tumor cells and intraindividual biological variability, providing a high degree of biological specificity concerning the cancer under study. Within this context, one may speculate that determining the immunohistochemical expression of markers in colorectal carcinoma tissue has the potential to provide prognostic information, even in non-advanced stages (2) . The NM23 gene is located on chromosome 17 and produces two proteins, NM23-H1 and NM23-H2 (11, 14, 18, 33, 36) . Identified as a metastasis suppressor gene, NM23 was first isolated in murine melanoma cell lines (11) . Campo et al. (11) associated low tissue immunohistochemical expression of these proteins with poor prognosis in colorectal carcinoma patients. On the other hand, Bazan et al. (6) found no correlation between the reduced tissue expression of this marker and prognosis in colorectal cancer. Other studies have shown conflicting results concerning the association between NM23 expression in colorectal carcinoma tissue and tumor prognosis (6, 8, 10, 12, 30) . Due to the high incidence of colorectal cancer and the difficulty in establishing a prognosis for these patients, especially in tumor-node-metastasis (TNM) stages II and III, the study of tumor markers that may predict prognosis is of utmost importance. The objective of this study was to analyze NM23 expression and its association with anatomicopathologic aspects of tumors, presence of lymph node and liver metastases, and survival in patients operated on for colorectal carcinoma, as well as to contribute to a better understanding of the biological dynamics of the NM23 protein in colorectal carcinoma by measuring its tissue immunohistochemical expression.
METHODS
The study was approved by the Research Ethics Committee of Universidade Federal de São Paulo (UNIFESP), São Paulo, SP, Brazil, under protocol no. 1958/07.
Inclusion criteria were adult patients with colorectal carcinoma confirmed by anatomicopathologic examination. Exclusion criteria were the presence of hereditary colorectal cancer, Crohn's disease, ulcerative colitis, metachronous colorectal cancer, or any other previously treated neoplasm.
Biodemographic variables included age at diagnosis and gender. With regard to neoplastic lesions, we analyzed tumor site, macroscopic and microscopic characteristics, and stage of primary lesion. The following patient-related events were also analyzed: type of surgical intervention, presence of synchronous metastases, follow-up period, disease-free period, tumor relapse, death, mortality rate, and overall survival.
Overall survival time was calculated from the date of surgery to the last follow-up visit or date of death. Diseasefree survival was defined as the interval after curative surgery during which there was no evidence of tumor relapse.
NM23 expression was assessed on paraffin-embedded tissue sections by immunohistochemical analysis in colorectal carcinoma tissue and adjacent non-neoplastic colorectal tissue. (1) . Using an adhesive-coated tape system (Instrumedics Inc, Hackensak, USA), 4-µm sections were cut and transferred to adhesive-coated slides. A small roller was used to press the section flat against the tape, which was then placed on a resin-coated slide and pressed using the same roller for better adhesion of the section to the surface. These slides were then exposed to ultraviolet light for 20 minutes. The slides were dried and the adhesive tapes were removed.
To ensure the representative of each area of the donor block, at least two samples were collected, each of them being represented in two different sites in the same recipient block, resulting in a mirror-image representation of the samples. Whenever the samples, even with a mirror-image representation, were not representative examples of the tissue in question, new samples were collected from the donor block and an additional recipient block was constructed. The slides were then submitted to immunohistochemistry.
Immunohistochemical analysis was performed using the streptavidin-biotin-peroxidase staining technique with a monoclonal anti-NM23 antibody (Neomarkers, USA), at 1:1000 dilution. This antibody has affinity for both H1 and H2 components of the NM23 protein.
Positive results were visible as brown cytoplasmic or nuclear staining for the antibody under study. Slides containing histological sections of NM23 positive colorectal tissue were used as positive controls (26) . The same slides were used as negative controls by removing the primary antibody from the staining reaction.
The sections were examined using a slide scanner (ScanScope CS System, Aperio Technologies, UK), assessing the percentage of cells with a positive reaction in 10 microscopic fields at 400 magnification (x400). performed independently and in a blinded fashion by two experienced pathologists. In cases of conflicting observations, which corresponded to less than 10% of the total sample, a consensus was achieved between both pathologists at joint reevaluation of their data previously obtained independently.
The criteria used to assess NM23 expression (26) were based on the number of stained cells, and scores were assigned as follows: score 0 = 10% or less, score 1 = 11% to 25%, score 2 = 26% to 50%, and score 3 = 51% or more stained neoplastic cells. The assessment of NM23 immunohistochemical expression was performed in tumor tissue and in non-neoplastic mucosa obtained from region adjacent to the tumor. Scores 0 to 2 were considered as NM23 negative (protein downexpression), and score 3 was considered as NM23 positive (protein overexpression).
The slides were scanned and images were captured by a camera (Samsung, South Korea), coupled with a microscope (Olympus Bx 40, Japan), using Win TV 32 software. Positive and negative staining was identified in tumor tissue and nonneoplastic mucosa (Figures 1, 2, 3 ).
in the analysis of variance. Survival analysis was performed using the Kaplan-Meier method, and survival curves were compared using the log-rank test. Statistical analysis was performed using the Prism 4.0 statistical software (GraphPad Software Inc., USA), and the level of significance was set at P≤0.05 (5%).
RESULTS
Eighty-two (63.1%) patients underwent curative surgery and the remaining 48 (35.9%) patients underwent palliative operation. Regarding tumor site, 83 (63.9%) tumors were in the rectum and 47 (36.1%) were in the colon.
The following surgical procedures were performed: rectosigmoidectomy in 59 (45.4%) patients, right colectomy in 38 (29.2%), laparotomy with or without colostomy in 11 (8.5%), abdominoperineal resection in 10 (7.7%), total colectomy in 10 (7.7%), left colectomy in 9 (6.9%), and transversectomy in 3 (2.3%).
Thirty-four (37.8%) patients died, and loss to follow-up occurred in 23 cases (17.6%).
Concerning disease-free period, 10 (12.2%) out of the 82 patients who underwent curative surgery experienced disease relapse. Of these patients, 4 (40%) showed local recurrence, 4 (40%) local and distant recurrence, and 2 (30%) only distant recurrence. In distant recurrence, the liver was the most commonly affected site, accounting for 3 (30%) cases.
Regarding the immunohistochemical analysis performed in 93 patients, NM23 immunohistochemical expression was significantly higher in tumor tissue (P<0.0001) than in non-neoplastic colorectal mucosa (Figure 4 ). In 82 (88.2%) patients, NM23 expression in tumor cells scored 3 (protein overexpression), whereas in 11 (11.8%) patients, NM23 expression scored less than 3 (protein downexpression). Table 1 shows immunohistochemical expression of the NM23 protein in relation to the main clinicopathological parameters.
NM23 expression showed no significant differences regarding large bowel location (P = 0.79), degree of cell differentiation (P = 0.57), vascular invasion (P = 0.86), lymphatic invasion (P = 0.41), perineural invasion (P = 0.46), lymph node The mean follow-up period was 25.4 months (1 to 47 months). Disease-free survival was significantly higher (P = 0.01) in NM23 positive patients who underwent curative surgery. Estimated disease-free survival was 17% for NM23 negative patients (scores 0 to 2) vs 61.1% for NM23 positive patients (score 3) ( Figure 5 ).
Estimated 5-year survival was 49% among NM23 negative patients (scores 0 to 2) and 65% among NM23 positive patients (score 3), but this difference was not statistically significant (P = 0.13) (Figure 6 ). v. 47 -no. 4 
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DISCUSSION
Many studies (2, 7, 32, 34, 37, 41) have used tissue expression of the NM23 protein to identify prognostic predictors of colorectal carcinoma. However, controversy remains about the prognostic value of the tissue expression of this marker (2) . The present study employed TMA given the wide applicability of this method and cost savings due to reduced reagent consumption, leading to a rapid process of immunohistochemical staining (1) . Kononen et al. (25) developed an array-based high-throughput technique that facilitates gene expression and copy number surveys of very large numbers of tumors. In this technique, sections of the microarray provide targets for parallel in situ detection of DNA, RNA and protein targets in each specimen on the array, and consecutive sections allow the rapid analysis of hundreds of molecular markers in the same set of specimens.
Given the intense NM23 expression in the neoplastic tissue in our series, there were only three instances in which lesions showed less than 10% stained cells. The total sample was, therefore, divided into two groups: samples with weak expression, in which less than 50% of cells were stained; and samples with strong expression, showing more than 50% stained cells. Nevertheless, no consensus has been reached regarding the percentage threshold at which marker expression is deemed positive (2, 31, 41) . Berney et al. (7) investigated several tumor markers, including the NM23 protein. These authors considered five levels of marker expression, taking into account intensity of expression and percentage of stained cells, a classification similar to that used by Brenner et al. (10) . Sarris and Lee (35) analyzed immunohistochemical expression of the NM23 protein in relation to the occurrence of metastases, using the following parameters: weak expression (less than 30% stained cells); moderate expression (31%-75% stained cells); and strong expression (more than 75% stained cells). Garinis et al. (20) investigated NM23-H1 expression in colorectal carcinoma and proposed the following scoring system for immunohistochemical expression of this marker: 0 (0% stained cells); 1 (1%-30% stained cells); 2 (31%-50% stained cells); and 3 (more than 50% stained cells). Lee et al. (26) assessed NM23-H1 expression in neoplastic colorectal tissue and divided the sample into strongly positive (more than 50% stained cells), weak or moderately positive (less than 50% stained cells), and negative (absence of stained cells). This diverse array of methods for classifying immunohistochemical expression may explain the conflicting results found by different authors (10, 20, 22, 35) , including our series. Expression of the NM23 marker in the present study was significantly higher in tumor tissue than in normal mucosa. This finding suggests that this protein plays a role in the chain of events involved in neoplastic changes. The NM23 gene codifies subunits of nucleoside diphosphate kinase protein involved in cell differentiation (7, 24, 28) . NM23 expression is therefore expected to be increased in processes of cell multiplication. Sarris and Lee (35) analyzed NM23 expression in relation to colorectal carcinoma liver and lymph node metastases and also identified higher marker expression in tumor tissue than in tumor-adjacent nonneoplastic mucosa.
In the present study, NM23 expression was similar in different degrees of colorectal carcinoma differentiation. Lindmark (27) observed low tissue NM23 expression in poorly differentiated tumors, whereas Cheah et al. (12) and Campo et al. (11) studied expression of the NM23 protein in colorectal carcinoma and did not find any differences in the expression of this marker concerning degree of cell differentiation.
Expression of the NM23 protein in our series was similar among tumor samples, regardless of angiolymphatic and/or perineural invasion. Yamaguchi et al. (39) found no relationship between marker expression and vascular and/or lymphatic invasion. In contrast, Royds et al. (34) identified reduced expression of the NM23 protein in patients with vascular invasion.
In the present series, expression of NM23 markers showed no significant difference regarding tumor clinical staging. Martinez et al. (31) analyzed expression of NM23-H1 and NM23-H2 proteins in relation to TNM stages. The authors found higher NM23-H1 and NM23-H2 expression in early-stage tumors, which include TNM stages I and II. Tannapfel et al. (37) assessed expression of the NM23 protein vs tumor staging and verified that NM23 expression was less intense in more advanced tumors than in early-stage tumors. Lindmark (27) analyzed NM23-H1 expression in colorectal carcinoma, considering tumor staging according to Dukes' classification, and found no correlation between marker expression and different tumor stages.
In the study by Tannapfel et al. (37) , expression of the NM23-H1 protein in colorectal carcinomas was lower in patients with lymph node metastasis. This finding suggests a protective effect of NM23 expression against lymph node metastasis. On the other hand, Lee et al. (26) and Sarris and Lee (35) did not identify a relationship between NM23 expression and the occurrence of lymph node metastases. Garinis et al. (20) assessed NM23-H1 expression by PCR in 58 colorectal carcinomas and verified that low gene expression was associated with the occurrence of lymph node metastasis. In our series, the analysis of NM23 expression revealed a higher incidence of metastatic lymph nodes in patients with low protein expression, although this result did not reach statistical significance. This finding suggests a potential protective effect of the NM23 protein, i.e., NM23 expression may be associated with lower incidence of lymph node metastasis. However, the mechanism by which increased marker expression correlates with reduced occurrence of metastases is not fully understood (38, 40) . Yamaguchi et al. (39) showed an association between NM23 gene and cell proliferation. Thus, one may speculate that tumors with increased NM23 expression will have lower cell proliferation and, consequently, better prognosis.
The present series did not show an association between occurrence of liver metastases and expression of the NM23 protein in colorectal carcinoma tissue. This may have been due to a limited number of patients presenting liver metastases at some stage during the course of the disease, since only v. 47 -no. 4 Resultados -A expressão do marcador NM23 foi maior no tecido do carcinoma colorretal do que na mucosa não-neoplásica adjacente (P<0,0001). A expressão da proteína NM23 não apresentou relação com o grau de diferenciação celular (P = 0,57), invasão vascular (P = 0,85), invasão linfática (P = 0,41), infiltração perineural (P = 0,46), estádio (P = 0,19), metástases linfonodais (P = 0,08) ou metástases hepáticas (P = 0,59). A sobrevivência livre de doença mostrou relação significante (P = 0,01) com a intensidade de imunoexpressão da proteína NM23 no tecido do carcinoma colorretal, e a sobrevivência global não mostrou relação com a expressão da proteína NM23 (P = 0,13). Conclusões -A expressão da proteína NM23 foi mais intensa no tecido neoplásico do carcinoma colorretal do que na mucosa não-neoplásica adjacente. A expressão da proteína NM23 não se relacionou com os aspectos morfológicos, presença de metástases linfonodais ou hepáticas, estádio do carcinoma colorretal ou com a sobrevivência global. A sobrevivência livre de doença foi maior nos doentes com expressão aumentada do gene supressor de metástases NM23. DESCRITORES -Neoplasias colorretais. Carcinoma. Marcadores biológicos de tumor. Antígenos CD. Nucleosídeo NM23 difosfato quinases. Prognóstico. patients with synchronous metastases were included in our study. Similarly, Lee et al. (26) investigated expression of the NM23-H1 protein in 146 colorectal tumors and found no association between the occurrence of liver metastases and protein expression. On the other hand, Delektorskaya et al. (16) , Berney et al. (7) and Garinis et al. (20) identified increased NM23 expression in patients with liver metastases, whereas Ayhan et al. (4) identified reduced NM23 expression in patients with liver metastases and advanced-stage tumors. Yamaguchi et al. (39) analyzed NM23 expression in 36 colorectal tumors, and its correlation with liver metastases, and observed that tumors with increased NM23 messenger RNA expression were associated with a lower incidence of metastases. Berney et al. (7) investigated NM23 expression in 58 colorectal cancer patients and identified a significant correlation between NM23 tissue expression and occurrence of liver metastases.
In the present study, overall and disease-free survival rates were higher in patients with increased NM23 expression. This finding is consistent with the prognostic role of a marker, which is considered a protector against the occurrence of metastases. Campo et al. (11) evaluated the loss of heterozygosity of NM23 in relation to patient survival, but found no significant differences. Along the same lines, Royds et al. (34) and Berney et al. (7) identified longer survival among patients with increased NM23 expression. In contrast, Cheah et al. (12) , Lee et al. (26) and Lindmark (27) found no relationship between NM23-H1 expression and tumor recurrence or patient survival. The present study showed a significant association between tissue expression of the NM23 protein and disease-free interval in patients who underwent curative surgery for colorectal carcinoma. NM23 expression was also higher, albeit not statistically significant, in patients with lower overall mortality and in those with fewer lymph node metastases, findings which corroborate the potential protective effect of the NM23 protein. Nonetheless, further studies are warranted to confirm the relevance of the NM23 protein in the prognosis of patients operated on for colorectal carcinoma.
